Objective: The aim of our study was to compare the results of tubularized plate urethroplasty with interposing healthy tissue spongioplasty alone and spongioplasty with dorsal dartos flap to assess the role of dartos flap in prevention of fistulae. Patients and Methods: A retrospective study was performed on 80 patients, aged 4 months to 27 years who underwent hypospadias repair using the Snodgrass technique. The patients were assigned to two groups. In group I (40 patients) the neourethra was covered with spongioplasty only, and in group II (40 patients) the neourethra was covered with spongioplasty plus dartos flap. Integrity of the urethral plate was maintained in all the cases. The ventral curvature & torsion was corrected by penile de-gloving, mobilization of the urethral plate and spongiosum and mobilization of the proximal urethra if needed. The results were analysed in view of complication rates. The average period of hospital stay was 7 days & follow-up varied from 8 months to 28 months with a mean of 14 months. Results: In group I, hypospadias were distal penile in 31 (77.5%), mid-penile in 4 (10%) and proximal/peno-scrotal in 5 (12.5%) patients. In group II, hypospadias were distal penile in 17 (42.5%), mid penile in 9 (22.5%) and proximal/peno-scrotal in 14 (35%) patients. Sixty five percent in group I and 80% in group II had ventral curvature but the difference was not statistically significant. Good functional results were achieved in 97.5% patients in group I and in 95% patients in group II which were statistically similar (p value-0.585). Urethral fistula was encountered in 2.5% in group I & in 2 cases (5%) in group II. Meatal stenosis was noted in 7.5% each in both groups, which responded to urethral dilatation. One patient in group II had complete disruption. There was no statistically significant difference in early and late complications in both groups (p value-0.812). Conclusions: Spongioplasty with healthy spongiosal tissue is strong enough and is effective waterproofing as an * Corresponding author.
Introduction
Since its introduction in 1994, Tubularized Incised Plate Urethroplasty (TIPU) has gained widespread popularity because of its versatility, low complication rate, and good cosmetic results [1] . Although TIPU repair is well described, there are some variations in surgical technique which can affect the functional and cosmetic outcome. Many methods have been described in the literature for the interposition of tissue to cover the neo-urethra beginning with transverse island dorsal subcutaneous flap, which was soon found to be unfavorable because of skin coverage problems and penile torsion [2] . Later various other methods included dorsal [3] , lateral, single or double [4] , dartos flaps, ventral based dartos flap [5] [6], scrotal dartos [7] , de-epithelised local penile skin [2] , preputial flap, paraurethral tissue [8] , spongioplasty [9] - [17] , or tunica vaginalis flaps [18] [19] . Out of all these, the dorsal dartos flap is used by most surgeons, but there is still no consensus over the ideal interposing tissue in TIPU. Because of edema, necrosis of skin, hematoma and torque with mobilization of the dorsal dartos flap [20] its role as an interposing tissue had been questioned [17] . So in view of these complications, we analyzed our data and compared the results of TIPU repair with spongioplasty alone and with dartos flap.
Patients and Methods
A retrospective study was performed on 80 patients (from January 2006 to December 2010) aged 4 months to 27 years who underwent hypospadias repair using the Snodgrass technique (TIPU).
Exclusion criteria: Poorly developed corpus spongiosum, redo cases and cases requiring transection of the urethral plate.
Inclusion Criteria: All patients who had spongioplasty alone or spongioplasty with dartos flap and came for follow-up at least three times or more annually.
Quality of spongiosum was considered as follows: 1) thin fibrous with minimal spongiosal tissue which on spongioplasty was less than the diameter of proximal healthy urethra as "poorly developed" (Figure 1) , 2) good spongiosum tissue with good vascularisation, healthy robust spongiosum, which becomes bulkier than the native spongiousm on spongioplasty as "well developed" (Figure 2 ). Six patients with a poor spongiosum were excluded from the study in group I and 8 cases in group II. The patients were assigned to two groups. In group I (40 patients) the neo-urethra was covered with the paraurethral spongial tissue only and in group II (40 patients) the neo-urethra was covered with spongioplasty plus the dartos flap.
Surgical Technique: An inverted U-shaped incision is made encircling the meatus to the corona, preserving the urethral plate, and then extended circumferentially around the corona (except where prepucioplasty is contemplated). A Gitte's test is done to evaluate the chordee after penile de-gloving. Mobilization of the urethral plate and the corpus spongiosum is done after creating a plane just proximal to the meatus. Dissection is performed lifting the spongiosum from corporal bodies, taking care taken not to damage the corpus spongiosum or corpus cavernosum ( Figure 1A & Figure 1B) . The proximal urethra is mobilized up to the bulbar region in case of persistent chordee/torsion until adequacy is confirmed by Gitte's test. Subsequently the corpus spongiosum is dissected into the glans (Figure 2A) , glanular wings are raised, and glanular chordee correction is checked by Gitte's test [20] . The urethral plate is tubularized with or without a dorsal incision using 7-0 PDS, and spongioplasty is done with 7-0 PDS by suturing the edges of mobilized spongiosum to complete the urethroplasty (Figure 1D & Figure 2D) . A 6Fr to 10 Fr urethral catheter, depending on patient age, left in situ. The dorsal dartos vascular flap wrap is performed to allow additional tissue cover in group II cases. Skin sutures are applied with or without drainage. Pressure dressing is applied in all cases with cotton gauze and double elastic adhesive tape. The urethral catheter is removed on postoperative day 7 to 10 and patient is discharged. Patients are followed up at 1, 3, 6 and 12 months and then annually for cosmesis, fistula, meatal stenosis and any other complication. Patients were asked to void to visualize the stream and checked for any leakage/stream other than the meatus (suggestive of a fistula) and the urethra was calibrated to check urethral stricture and meatal stenosis. The average period of hospital stay was 7 days & follow-up varied from 8 months to 28 months with a mean of 14 months.
Statistical Method: Statistical analysis was done by using Student's t-test with p < 0.05 considered to be statistically significant.
Results
In group I age of the patients varied from 1 year to 27 years with a mean of 9.2 years while in group II (40 patients) age varied from 4 months to 23 years with a mean of 8.2 years; this was comparable in both groups (χ² value-6.252, p value-0.282 Table 1 ). In group I the meatus was coronal/sub-coronal in 11 (27.75%), distal penile in 20 (50%), mid-penile in 4 (10%) and proximal/ penoscrotal in 5 (12.5%) patients. Similarly In group II, the meatus was coronal/subcoronal in 6 (15%), distal penile in 11 (27.5%), mid-penile in 9 (22.5%) and proximal/penoscrotal in 14 (35%) patients. There was a significant difference in the type of hypospadias in both groups with χ² value-10.26 p value-0.005 ( Table 2) . Mild chordee was seen in 10 patients, moderate in 6 patients and severe in 10 patients in group I while mild chordee was present in 17 patients moderate in 5 while severe in 10 patients in group II. There was no significant difference in ventral curvature in both groups; χ² value -1.298 p value-0.522 (Table 3) . Chordee correction was done by penile de-gloving in 6 cases, mobilization of the proximal urethra in 2 cases and combination of penile de-gloving and urethral plate mobilization in 18 cases in group I. While in group II curvature correction was done by penile de-gloving in 11 cases, by the urethral mobilization in 3 cases and a combination of penile de-gloving and the urethral plate mobilization was used in 18 cases. There was no significant difference in the steps used for correction of curvature in both groups; χ² value-1.298 p value-0.522 (Table 4 ) In group I, 1 patient had mild torsion(≤45˚), which was corrected by mobilization of the urethral plate with the spongiosum 5 had moderate torsion (45˚ -90˚) which required mobilization the urethral plate in to the glans in addition to mobilization of the urethral plate with the spongiosum while 2 had severe torsion (≥90˚) which required proximal urethral mobilization along with the above two steps. In group II, 10 patients had mild torsion, 2 had moderate torsion and 1 had severe torsion. Correction of torsion was done by penile de-gloving 5 cases, de-gloving with the urethral plate mobilization in 6 cases and proximal urethral mobilization in addition required in two cases. Though there was difference in number of patients having torsion and degree of torsion but there was no significant difference in steps used for correction of torsion ( Table 5 & Table 6 ). Integrity of the urethral plate was maintained in all the cases, the technique used for cor- rection of chordee, torsion and tubularization was similar in both groups and had no statistical difference. In eight patients in group I and seven cases in II urethra were tubularized without incision.
Excellent or good results were achieved in 39 patients in group I and in 38 patients in group II. Early post operative complications of Clavien Classification grade II were mainly mild prepucial edema in 5 cases each in both groups, and hematoma in one patient in group I and two patients in group II, the difference in two group was not statistically significant (p value-0.585). A urethral fistula was noticed in one case in group I & in 2 cases in group II. One patient in group II had complete disruption of the wound .The fistulae and urethral disruption of Clavien Classification grade IIIb was repaired successfully. Mild meatal stenosis was noted in 3 cases each in both the groups and was successfully treated by meatal calibration (Clavien Classification grade IIIa). There was no statistically significant difference in early and late complications in both groups (p value-0.812 Table 7 ). We achieved 100% positive results after fistula repair and meatal dilation. None of the patients had residual chordee, torsion, stricture or a fistula during follow-up.
Discussion
TIPU repair is recommended as the primary treatment for anterior hypospadias, mid-shaft hypospadias and possible selected proximal ones [21] - [23] . A transverse island of dorsal subcutaneous tissue is used as a interposition flap in original description of TIPU. Later on modification like a buttonhole fashion to cover the neourethra ventrally, lateral dartos flap and spongioplasty with separation of the corpora cavernosa were used [1] [24]- [27] . We do spongioplasty after mobilization of the spongiosum lateral to medial along with urethral plate and suturing the edges to midline converting the diverting Y spongiosum to I as reported by Yerkes et al. [27] with the difference that we don't incise the spongiosum transversely at corona but mobilize into glans and spongioplasty up to distal most part of neourethra which has an added advantage of covering the neourethra with healthy spongiosum to prevent fistula at corona. Dodet et al. have incised the spongiosum both medially starting from the meatus to the tip of glans and laterally on the external borders of the urethral plate then the urethra. Then the spongiosal pillar are mobilized from corpora cavernosa and sutured medial edges of spongium over neourethra [26] . Advantages of mobilization of spongiosum with urethral plate are that tubularization of urethral plate and spongioplasty is without any tension on the sutures [28] . Mobilization of the spongiosum with urethral plate also helps in tubularization without a midline incision [20] [27]. We could tubularize 20% cases in group I and 17.5% cases in group B without a midline incision. The variable rate of success can be due to anatomy of spongiosum and its technique suturing the spongiosum [28] . We did not find any classification of spongiosum in the literature but it is important as vascularity vary with the development. So we graded the spongiosum as to well developed good healthy robust vascularised spongiosum which becomes bulkier than the native proximal spongiousm on spongioplasty and poorly developed thin minimal spongiosal tissue with poor vascularisation which on spongioplasty was less than the diameter of proximal healthy urethra. Results of spongioplasty with well developed are usually good, so proposed classification will be useful in choosing the cases of spongioplasty alone. We included patients with well developed spongiosum.
The reported fistula rate with spongioplasty ranges from 0% to 31%. While several investigators have shown spongioplasty to be as protective as a dartos flap [13] [26]- [28] But others placed dorsal dartos barrier flap over the neo-urethra though they has shown reduced fistula rate but it alone is not sufficient [13] [17]. Bilici et al. compared results of TIPU compared to the dartos flap alone and spongioplasty plus dorsal dartos flap and had (8%) higher fistula rate in the dorsal dartos alone group. They concluded that the use of the corpus spongiosum as an intermediate layer in urethral coverage, combined with the dartos flap, reduces the likelihood of fistula formation and can be applied easily and effectively [8] . In our series, results with spongioplasty alone were almost equivalent or better as compared to TIPU with spongioplasty plus a dartos cover. The fistula rate was the same in both groups but one of the patients in the spongio-plasty plus dartos group had total disruption of the neo-urethra. Probable explanations for the better results of spongioplasty alone in our series are that we included cases with a well developed healthy spongiosal tissue; minimal dissection resulted in less hematoma/infection and skin vascularity was well preserved. Also since all cases were done by a single surgeon so efficiency increased with subsequent procedures. The reasons of failure with spongioplasty in results of other authors may be that they used a poorly developed spongiosum tissue alone which was not strong enough to prevent fistula formation or may be other factors like a narrow urethral plate or severe chordee negatively affected the overall results. Other advantages of the Y to I spongioplasty after mobilization of spongiosum are, that it adds length to the urethra and penis, which, also helps in the correction of chordee. In addition, spongioplasty gives an almost normal shape to the urethra, and the repair is more anatomical. Finally spongioplasty adds an extra layer of locally available healthy vascular tissue avoiding dissection for other flaps [26] - [28] . Spongioplasty alone spares the dorsal hood that can be utilized for preputioplasty which is demanded by many patients/parents [29] . Disadvantages of a dartos flap are that dissecting the dartos fascia from the preputial skin would compromise the vascularity of the skin which if required to cover the ventral side would give way and be responsible for an increase in the incidence of fistulae. Combining both the dartos plus spongiosum would also increase the tissue bulk and lead to glans and skin dehiscence. The sequelae of a dorsal dartos flap are edema, necrosis of skin, hematoma, torsion and longer operating time. So we are of the opinion that when the corpus spongiosum is dissected and mobilized adequately from meatus to the glans tip, spongioplasty alone is strong enough for neourethral coverage and the step of dartos cover can safely be omitted in cases where the corpus spongiosum is well developed.
We discharged the patients from hospital after removal of per urethral catheter after 5 -7 days, thus increasing the hospital stay, but this was done deliberately because of lack of the basic/specialist surgical services at home towns/villages of our patients who come from far off/remote places to our tertiary centre.
The limitations of our study were being retrospective, a small sample size, and a time lapse between the two study groups. Also, cases in both groups did not have an exact match, but this is difficult in retrospective studies. There was a difference in the type of hypospadias and degree of the torsion in two groups but there was no difference in the numbers of cases for each step in correction of curvature, torsion and urethroplasty done in both groups, which thus makes them comparable. The strength of our study is that all cases were done by the same author; in similar work conditions and, cases were of the same socioeconomic status.
Conclusion
Excellent functional and cosmetic results were achieved after repair of hypospadias by using TIPU and spongioplasty. Not using the dartos flap, with the corpus spongiosum as an intermediate layer in urethral coverage, did not affect the complication rate in our experience. Considering the results of our study, the step of dorsal dartos coverage can easily be omitted after spongioplasty done with a well developed spongiosum, but still more prospective studies will be useful to confirm the facts in multiple hands to omit the dorsal dartos cover.
